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PULSED PLASMA ACCELERATOR AND METHOD 



The field of invention 

5 The invention relates to plasma equipment and plasma processes, in particular, to 

plasma accelerators and plasma acceleration methods, which may be primarily employed for 
creating of a propulsive force, for example, a space-bome electric propulsion, as v.ell as for 
generating of high-speed plasma flov.s in experimental investigations and model tests. The 
invention may be also employed for realizing various processes for treatment of products 

10 and modification of material properties. 

Background of the invention 
It is customary to assume that plasma accelerators are apparatuses designed for 
ionization of a v^orking substance accompanied by acceleration of an ionized gas (plasma) 
15 under the action of electromagnetic force and gas pressure force upon generation of an 

electric discharge. 

Plasma acceleration occurs in plasma accelerators as a result of an electric breakdown 
in an electrode-to-electrode gap. In steady-state plasma accelerators, the electric discharge 
time is sufficiently long - the typical breakdo,™ time t is at least 1 second. In pulsed plasma 
20 accelerators, the electHc discharge is of shorter duration. The pulsed discharge time t .s 

about 1-100 us. . 

Pulsed plasma accelerators are currently employed as actuating systems m spacecraft 

control systems and as pulsed low-temperature plasma injectors. 

It is common knowledge that in order to maintain a spacecraft in a desired orbital 
25 position during retarding in a relatively dense residual ahnosphere of the outer space, ,t ts 
advantageous to use small-sized propulsion units wifli low power consumption. Such 
requirements are satisfied with the use of propulsion units based on pulsed plasma 
accel^ators. Mo« of such propulsion ,3nits use soUd dielectric as a working substance 
releasing gaseous products as a result of ablation under the action of thermal and radrant 
30 energy of an electric discharge generated. 

There is a great tendency nowadays to a wide employment in the outer space of low- 
orbitmg (with orbit height Ho,b= 400 - 1 000km) light-weight and smaU-sized spacecrafts of 
relatively simplified construction and low cost, said spacecrafts having Ihe typical weight m 
the range of from 50 kg to 500 kg. However, these light-weight and smaU-sized spacecrafts 
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have substantially restricted power supplying capacities of electric propxxlsions providing 
high accuracy in keeping of orbital parameters of both individual spacecrafts and groups of 
such spacecrafts. For this purpose, highly efficient small-sized electric propulsions capable 
of correcting and stabilizing of spacecraft orbits at the minimal power consumption are 
5 demanded. 

Steady-state plasma accelerators used as spacecraft controlling electric propulsions 
have a nimiber of grave disadvantages including the complexity of plasma accelerator 
construction, the complexity of a manufacture process and operation of an accelerator, the 
increased manufacture and operating costs, as well as insufficient propulsive efficiency 
10 (plasma acceleration efficiency) and low performance reliability at the power consumption 
of less than 150 W. 

An ablation pulsed plasma accelerator is tiie most promising propulsion for a 
spacecraft with regard to the simplicity of construction, reliability, low costs and proper 
fimctioning at the power consumption of from several watts to hundreds of watts. A pulsed 
15 plasma accelerator also provides for maximal accuracy of spacecraft control as compared to 
other kinds of propulsion xmits used as actuating systems. However, the efficiency of pulsed 
plasma accelerators of the prior art does not meet the operative reqxxirements for handling 
the majority of spacecraft control problems. 

A substantial increase in the operating efficiency of a pulsed plasma accelerator, 
20 primarily over the range of power consumption of from 20 W to 300 W, within which the 
basic problems for controlling of spacecraft orbital parameters are currently solved and will 
be solved in the near fixture, is of fimdamental importance for widening the range of 
fimctioning of a spacecraft. 

Presently the basic technical problems of a pulsed plasma accelerator are the excessive 
25 retardation of evaporation of a working substance with regard to a discharge current and, as 
a result, ineffective acceleration of a substantial part of plasma generated, which on the 
whole adversely affects the efficiency of accelerator (the efficiency of plasma acceleration). 

It has already been pointed out in the very first studies on the investigation of plasma 
acceleration processes in a pulsed plasma accelerator (Artsymovitch L.A. et al, 
30 "Electrodynamic acceleration of plasma coagulates ZHETF, Moscow, 1957, vol 33, No. 
1) that the plasma acceleration efficiency is dependent upon dimensionless parameter q: 

q = /^G^UV2mLo, 

where / [H/m] is the linear inductance of accelerator electrodes; 
C [F] is the capacity of an external discharge circuit; 
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Uo [V] is the initial voltage of an external discharge circuit; 

m [kg] is the weight of a plasma coagulate; 

Lo [H] is the initial inductance of an external discharge circuit. 

The physical meaning of the parameter q lies in defining the ratio of a typical value of 
5 a magnetic pressure force to a typical value of an accelerated plasma coagulate inertia force. 
It has been established that an increase in the parameter q results in that a discharge 
approaches a nonperiodic shape with rising of plasma acceleration efficiency. 

One of the known features of a pulsed plasma accelerator is that weight m of 
accelerated plasma is commonly proportional to the power Wo applied to the discharge: 
10 m»kWo, 

where Wo -CUV2; 

k = lO'^-lO"^ kg/J is a proportionality factor. 

When the dependence for Wo is introduced in the previous ratio, the dependence for 
the parameter q assumes the form of: 
15 q = l^C^UV2k(CU^o/2)Lo = (l^/k)(C/Lo). 

So, with the assigned configuration and sizes of an accelerating channel of a pulsed 
plasma accelerator, the efficiency of plasma acceleration is characterized by the ratio of 
C/Lo. 

The specific technical solutions aimed at increasing the efficiency of plasma 
20 acceleration by means of a pulsed plasma accelerator and associated with the realization of 
theoretical reasoning of q of about C/L© are not yet developed. 

As an example, it is renowned a pulsed plasma accelerator designed for use as an 
electric propulsion of a system for controlling the position of a geostationary earth orbit 
satellite of a global communication system (A.I. Rudikov, N.N.Antropov, G.A. Popov. 
25 "Pulsed Plasma Thruster of Erosion Type for a Geostationary Artificial Earth Satellite", 44* 
Congress of the International Astronautical Federation, IAF-93-S.5.487, Graz, Austria: lAF, 
October 16-22, 1.993). Propulsive pulses generated by such a propulsion xmit must neutralize 
the effects of outer factors upon a spacecraft in a geostationary orbit. 

Each pulsed plasma accelerator incorporated in a propulsion unit of tixe prior art 
30 comprises electrodes (a cathode and an anode), one of the electrodes being made in the form 
of a copper rod and the other of the electrodes bemg made in tiie form of a plate, a solid 
dielectric working substance ablating under the action of an electric discharge, a system for 
supplying of a working substance into a rail-type discharge channel, and a discharge- 
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initiating system. Power is supplied to accelerator electrodes via current supplies from an 
outer energy accumulator of 36 |iF capacitance at the maximal voltage of about 3 kV. 

Such an accelerator operates at a gas pressure less than 10"^ torr in an accelerating 
chaimel. The energy released with each pulse is about 160 J at the current pulse amplitude 
5 of 35 IcA. The disadvantage of the given propulsion unit is low propulsive efficiency, which 
is less than 10%, owing to an oscillating nature of a discharge current variation during each 
pulse time. 

In another pulsed plasma accelerator of the prior art (PJ. Turchi "Dbections for 
Improving PPT Performance", 25^ Intemational Electric Propulsion Conference, lEPC 97- 

10 038, USA, Cleveland, Ohio: lEPC, August 24-28, 1997), pxilsed oscillatmg discharges were 
generated in a discharge channel with power being supplied to electrodes from a high- 
current capacitive accumulator. The stored energy of the accumulator was 20 J at an 
initiating voltage of 2 kV, and the accumxilator capacitance was 10 |iF. The inductance of an 
external electric circuit was 400 nH. However, despite the attempts of increasing the pulse 

15 time and creating a quasi-continuous discharge current at each pulse, the total propulsive 
efficiency of the propulsive unit did not reach 10%. The obtained propulsive efficiency does 
not allow such plasma accelerators to be employed in commercial spacecrafts. 

With regard to the paper discussed, it should be mentioned that a proper conclusion 
was drawn on the need for coordination of impedances for intemal and extemal circuits in a 

20 pulsed plasma accelerator. However, quite complicated and low-effective solutions are 
offered for handling the given problem, said solutions including the incorporation of 
additional components in the electric circuit. The mentioned components, such as 
capacitors, inductance coils and commutators, allow the intemal and extemal circuits to be 
coordinated and a quasi-nonperiodic discharge in a pulsed plasma accelerator to be 

25 obtained, though the positive effect is substantially reduced by power losses associated with 
such components. 

Apart from the above-mentioned, there exists other viewpoint conceming with an 
increase in the efficiency of a pulsed plasma accelerator. As an example, a pulsed plasma 
accelerator (propulsion) is known which comprises an accelerating channel defined by two 
30 electrodes, an insulator adapted for separating these electrodes and serving as a working 
substance, a discharge-initiating system, and an energy accumulator based on high-current 
capacitors and connected to the electrodes by means of a current supply. The given 
propulsion uses teflon as a working substance (Gregory G.Spanjers et al. "Investigation of 
Propellant Inefficiencies in a Pxilsed Plasma Thmster*', AiAA-96-2723, 32"^ JPC, Lake 
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Buena Vista, FL, USA: AIAA/ASME/SAE/ASEE, July 1-3, 1996). During operation of the 
propulsion, the influence of electric discharge energy upon the efficiency of use of a 
working substance was investigated. However, despite the resultant increase in a propulsive 
pulse and propulsion value, the total propulsive efficiency of the plasma accelerator at the 
5 discharge energy of about 40 J varied from 7% to 8%. The relatively low propulsive 
efficiency was due to the oscillating nature of the discharge current variation during each 
pulse. 

The conclusion was drawn in the discussed paper that in order to increase an 
efficiency of a pulsed plasma accelerator, the first one half-period time of a discharge 
10 current must be reduced and its amplitude must be increased. The above conclusion was 
supported by reliable experimental results, however it did not take uito account nonlinearity 
of processes occurred in the input electric circuit of the pulsed plasma accelerator and 
caused by plasma. 

In order to increase propulsive characteristics of pulsed plasma accelerators 

15 (propulsions), accelerators were designed for high level of electric discharge energy 
(W.J.Gimian and D.J.Palumbo "Pulsed Plasma Propulsion System for North-South 
Stationkeeping", AIAA-76-999, AIAA International Propulsion Conference, Key Biscayne, 
Florida, USA: AIAA, November 14-17, 1976). A known pulsed accelerator (propulsion) 
includes two electrodes defining an accelerating channel, dielectric bars made firom teflon 

20 and arranged between the electrodes, a ceramic end insulator, and a capacitive accumulator. 
The capacitance of the accumulator was rated for the generation of an electric discharge of 
about 750 J in the accelerating channel. 

The discharge generated in the discharge channel of the present plasma accelerator is 
of oscillating type. The maximal total propulsive efficiency of the propulsion at the 

25 discharge voltage of 2.5 kW was 25.6%. However, with the indicated level of discharge 
energy the propulsive efficiency of the plasma propulsion may not be accepted sufficient 
since the efficiency of competitive plasma (magnetic plasma) propulsions, such as steady- 
state plasma propulsions, is up to 45% at this energy level 

It is known a pulsed plasma accelerator (propulsion) comprising two flat copper 

30 electrodes, two dielectric bars manufactured from an ablating material and arranged 
between the said electrodes, a discharge-initiating device, and an energy accumulator (N. 
Antropov et al. "Parameters of Plasmoids injected by PPT", AIAA 97-2921, 33'"^ 
AIAA/ASME/SAE/ASEE Joint Propulsion Conference, Seattle, WA, USA: 
AIAA/ASME/SAE/ASEE, July 6-9, 1997). An accelerating channel of the plasma 
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accelerator is defined by surfaces of the electrodes and side surfaces of the dielectric bars. 
The energy accumulator includes five high-current capacitors with the total stored energy of 
80-100 J. The operating voltage of the capacitor battery is 2.5 - 2.8 kV. The inductance of 
an external electric circuit connected to the electrodes of accelerator was 20 nH. The 
5 efficiency of plasma accelerator did not exceed 13% with the energy of electric discharge of 
100 J. 

The closest analog of the claimed invention is an erosion (ablation) plasma propulsion 
(accelerator) disclosed in Pat. No RU 2143586 CI (IPC-6 F03H1/00, H05H1/54, published 
27.12.1999). The known analog includes electrodes (a cathode and an anode), which are 

10 connected via an ohmic and inductance load to a capacitor (energy accxmiulator) plates, a 
ceramic end insulator, which separates the electrodes from one another, and dielectric bars 
made from ablating material and arranged between the electrodes. The energy accimiulator 
is connected to the electrodes through thin copper busbars (current supplies). The discharge 
channel w^alls are defined by the surfaces of electrodes and dielectric bars. The electrodes of 

15 the known plasma accelerator are made in the form of plates. A discharge-initiating device 
(igniter) is located in a slot formed in the end insulator. 

The dielectric bars used in the known plasma accelerator are movable toward a 
discharge channel midline by means of a special moving device (a spring pusher). The 
dielectric bars are caused to move until abutment against a stop made in the form of a step 

20 on the surface of electrode. 

Plasma is accelerated in the discharge chaimel of the plasma accelerator in the 
following manner. A narrow high-voltage pulse is supplied from a discharge-initiating unit 
to the electrodes of the discharge-initiating device. A surface breakdown results in 
generating of a plasma coagulate, which causes short-circuiting of tiie electrodes in the slot 

25 of the end insulator where an electric arc discharge is created. During breakdovm, electrodes 
are at a "waiting" potential. A working substance is evaporated from the surfaces of the 
dielectric bars by radiant discharge energy, ionized and accelerated by electromagnetic force 
and gas dynamic pressure. 

During operation of a plasma accelerator — analog, cord-shaped stable plasma is 

30 generated at the leading end of the accelerating channel to inhibit deposition of a carbon 
fibn in this part of the channel and, accordingly, eliminate non-uniform consumption of the 
working surface of dielectric bars. This phenomenon enhances the stable propulsive 
characteristics of the accelerator due to the uniform evaporation of the working substance. 
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The electric discharge in the accelerating channel of the plasma accelerator is of 
oscillating nature, with the number of one-half periods of pulse discharge current variations 
being three. As a result, the maximal propulsive efficiency of the plasma accelerator does 
not exceed 14%. 

5 With the known ablation pulsed plasma accelerator, one of the greatest problems 

immediately affecting the efficiency characteristics of the accelerator are the working 
substance losses occurring in the accelerating channel dxuring the plasma acceleration 
process. 

The reason for the working substance losses has to do with space and time 
10 discrepancies of the two processes occurring in the accelerating channel of the pulsed 
plasma accelerator: 

a relatively fast process (tpr of about 1 .5-3 ^is) of formation and acceleration 
of a discharge current region (a current arc); 

a relatively slow process of heating the working surfaces of the working 
15 substance bars, ionization of the working substance, generation of a plasma flow and 
acceleration thereof (tpr is about 7-12 |j.s). 
The total oscillatory electric discharge time of the known pulsed plasma accelerator- 
analog is 8-15 \xs depending on the sizes of the accelerating channel and the features of the 
discharge circuit. However, as it had been established, an effective electromagnetic process 
20 for plasma acceleration occurred only during the first discharge of the accumulator (the first 
one-half period of the discharge current), with the time of the said discharge making Jfrom 
1.5 to 3.0 |j.s depending on the energy and sizes of the accelerator. Furthermore, in the 
course of the discharge process, only the ablation (evaporation) of the working substance 
and thermal (gas dynamic) plasma acceleration had occurred. 

25 

Disclosure of the invention 
The invention is aimed at increasing the share of a working substance effectively 
accelerated by the electromagnetic force in an accelerating channel of a pulsed plasma 
accelerator by using the synchronized processes of intensive ablation of dielectric bars and 
30 generation of the three-dimensional electromagnetic force and using said force for 
acceleration of an ionized working substance. Synchronization of the above processes is 
provided by the greatest possible approximation of impedances of extemal and internal 
electric circuits of a plasma accelerator. 
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Technical results achievable by utilizing the invention are as follows: increased 
efficiency in the use of a working substance, reduced electric power losses in an external 
electric circuit and increased efficiency of plasma acceleration in a discharge channel of a 
pulsed plasma accelerator (propulsion efficiency of a pulsed plasma accelerator used as an 
5 electric propulsion). The given technical results are correlated with one another and on the 
whole determine the effectiveness of a pulsed plasma accelerator and a plasma acceleration 
process. 

The above results are achieved through the use of a pulsed plasma accelerator 
comprising two electrodes, dielectric bars manufactured from ablating material and arranged 
10 between the said electrodes, a discharge channel with an open end part and walls defined by 
the surfaces of electrodes and dielectric bars, an energy accxmiulator, current supplies 
adapted for connecting of the electrodes to energy-storage accumulators and defining in 
conjunction with the electrodes and the accumulator an external electric circuit, an insulator 
arranged between the electrodes at the end part of the discharge chaxmel opposite the open 
15 end part, and a discharge-initiating device. 

According to the present invention, the plasma accelerator is characterized in that 
parameters of the accelerator external circuit are selected on the basis of the following 
condition: 

2<C/L, 

20 where C is electric capacitance of the external electric circuit, 

L is inductance of the external electric circuit, nH, with the value of inductance being 
selected on condition of L < 1 00 iiH. 

The above conditions for selecting the parameters of the external electric circuit (C 
and L) actually mean that, concentrated in the accumulator, the electric capacitance of 
25 discharge circmt of the accelerator increases from the level of about 10-30 |i.F common for a 
pxilsed plasma accelerator to the level of about 40-500 |liF depending on the level of 
discharge energy and the inductance L of the extemal electric circuit of the pulsed plasma 
accelerator. 

Selection of the range of L and C values was inspired by the following considerations. 
30 With an increase in the circuit capacitance concentrated in the accumulator, the time 

of the first one-half period of the electric discharge rises from about 1.5-3 |is to about 7-10 
(IS, the discharge being transformed fi:om a sine glow discharge with characteristic number 
of one-half periods of firom 4 to 6 into a quasi-nonperiodic discharge, with the result that 
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this influences significantly on the physical mechanism of the process in the accelerating 
chaimel of pulsed plasma accelerator. 

With the selected conditions for the pulsed plasma accelerator at relatively low 
discharge energy of about 20-60 J, a discharge current pulse with two oscillation one-half 
5 periods may be produced, with the energy of the second discharge of the acciamulator being 
less than 20% of the energy of the first discharge. 

According to the present view, only 20-40% of the working substance evaporated 
from the dielectric wall surface escape from the accelerating channel of the pulsed plasma 
accelerator at speeds of the order of 20-30 km/s. It is the part of the working substance that 

10 is accelerated by a tiiree-dimensional electromagnetic force (JxB) resulting from the 
interaction of the discharge current with the self-magnetic field. The remaining 60-80% of 
the working substance escape from the accelerating channel of the pulsed plasma 
accelerator at subthermal and thermal speeds of about 0.5-5.0 km/s. This is due to the fact 
that there is no time available for the evaporated working substance to interact with the 

15 discharge current during the current pulse time. As a consequence, the weighted mean rate 
values of plasma at the accelerating channel outlet end with acceptable values of a single 
propulsive pulse do not normally exceed 8-12 km/s. This is characteristic for a propulsion 
with a "fast" current one-half period (< 3 ^is). An increase in the current one-half period 
time results in an increase in the mass of the working substance that is effectively 

20 accelerated by an electromagnetic force, and, accordingly, in an increase in the propulsive 
efficiency of the plasma accelerator. 

The weighted mean rate of flow of the working substance escaping from the 
accelerating channel with the time of first one-half period of - 7-10 jus is 15-22 km/s, which 
is sufficiently close to the speed of a current arc (discharge current) along electrodes of the 

25 pulsed plasma accelerator. According to the calculations, such a rate is 25-30 km/s for the 
pulsed plasma accelerator under consideration and is the maximum plasma flow rate. It is 
obviously not 20-40% of the working substance that are involved in an electromagnetic 
acceleration process, as it commonly occurs in case of a "fast" discharge, but about 70% of 
the working substance generated in the accelerating channel. The given phenomenon was 

30 supported by the results of experimental investigations with laboratory models of pulsed 
plasma accelerators. 

With regard to an increase in the efficiency of a pulsed plasma accelerator, of 
importance is a substantial reduction (by 30-40%) in the consumption of a working 
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substance. Such a reduction occurs with an increased discharge time. The phenomenon is 
attributable to the decreased discharge current amplitude and, as a consequence, the 
decreased intensity of energy emission from the current arc zone. The emission of the 
current arc is the basic condition for heating and evaporating of the dielectric working 
5 substance. 

The decreased consumption of the working substance is also attributable to the 
variations in the discharge current dynamics in the pulsed plasma accelerator. Such 
variations are due to the fact that the zone with higher density of current chaimels (the 
current arc) comes out immediately to the edges of electrodes, as in the case with analogs of 
10 the pulsed plasma accelerators. However, contraiy to the known analogs, the discharge does 
not die out in the given zone during recharging of an accumulator (with following reversal 
to the leading part of the discharge channel), but is in a fixed position for 5-6 ms. So, the 
current density zone is relatively far from the working substance bars for a relatively 
prolonged time interval to result in substantially reduced evaporation of the bars. 
15 Also, reduction in the losses of energy in an external electric circuit may play a crucial 

role in increasing of propulsive efficiency of a pulsed plasma accelerator. Reduction of 
losses occurs primarily in the capacitive energy accumulator due to the improved 
coordination of parameters of the external electric circuit (the energy accumulator, cxirrent 
supplies for supplying of current to the electrodes) and the internal electric circuit (flie 
2 0 current arc - electrodes) of the pulsed plasma accelerator. 

According to the previously obtained test data, the characteristic inductance level of 
the external circuit in the pulsed plasma accelerators of the known types is at least 100 nH 
and the capacitance is about 10-30 \iF. So, the external circuit impedance calculated from an 
expression Zext = 2(L/C)^^^ is about 200 mOhm (the active electrical resistance of the circuit 
25 may be neglected due to its low value as compared to the reactive electrical resistance). 

The internal circuit impedance dependent on the linear inductance / of the discharge 
channel and speed V of the current arc is calculated from the dependence: Zint=/'V/2. The 
intemal circuit impedance is in the average about an order of magnitude lower than the 
external circuit impedance and is about 20 mOhm. 
30 Inadequate coordination of the external and intemal electric circuit impedance results 

in dissipation of a significant part of discharge energy in the external electric circuit, 
primarily in the energy accumulator having relatively higher active electrical resistance, 
which is due to the development of an oscillation process in the external electric circuit. In 
such a case the current curve is shaped as an attenuating sine. However, as it had been 
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experimentally established, the current arc effectively accelerates plasnaia only during the 
first one-half period of discharge current, when significant energy is applied to the discharge 
and electromagnetic force (JxB) is of substantial value. 

In the claimed pulsed plasma accelerator, the external electric circuit impedance Zext is 
5 -40 mOhm, which is due to the optimization of the external circuit by selecting the 
parameters C and L in accordance with the above conditions. The given impedance level is 
substantially closer to that of the intemal electric circuit than in the known analogs. So, with 
the exploitation of the present invention, the parameters of tiie external and intemal electric 
circuits are maximally coordinated without complicating of the power supply system and 

1 0 additional power losses. 

Based on test data, the efficiency of plasma acceleration process in the pulsed plasma 
accelerator, according to the embodiment of the present invention, was in the range ftom 
12% to 35%, with the consumed energy varying from 20 to 150 J. 

The indicated efficiency of the pulsed plasma accelerator is in the average about twice 

15 as large as the propulsive efficiency of the known accelerators-analogs for the range of the 
consumed energy xmder discussion. Furttiermore, the approximation dependences have 
shown that with the values of up to 500 J, the propulsive efficiency of the claimed pulsed 
plasma accelerator is also about twice as large as that of the prototype accelerator. 

With an increase in the consumed energy, the overranging of said efficiency tends to 

20 decrease so that with the power of 0.9-1.0 kJ the efficiency values of the claimed pulsed 
plasma accelerator and lliat of the prototype accelerator are much the same. This is due to an 
inevitable approximation of critical parameters (L and C) of their electric circuits and also 
due to an increase in the discharge voltage with the rise of the consumed energy. 

On the basis of the above grounds, it is advisable that an additional limitation of 

25 2 < C/L < 5 be imposed on characteristics of the external electric circuit of the pulsed 
plasma accelerator. The given condition outlines an additional limitation on the level of 
energy accumulated in the accxunulator. The most significant overranging in the efficiency 
of plasma acceleration process as compared to that of the prototype accelerator is provided 
when the above condition is observed. 

30 The inductance of the external electric circuit of the claimed pulsed plasma accelerator 

is selected in the range of L=20-100 liH. The above-sited condition is also aimed at keeping 
a substantial overranging in the efficiency of plasma acceleration process with the 
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exploitation of the claimed pulsed plasma accelerator as compared to the prototype plasma 
accelerator. 

It has been found on the basis of investigation results that an increase in the external 
electric circuit inductance by more than 100 nH leads to the gradual approximation of 
5 parameters of the claimed pulsed plasma accelerator and the prototype accelerator. It should 
be taken into consideration that the minimal energy consumption must be appropriate to the 
minimal circuit inductance. The value of inductance L below 20 nH in a workable electric 
circuit of a pulsed plasma accelerator is practically imrealizable with acceptable conditions 
for the given type of apparatuses. 
10 In order to simplify the constmction of the pulsed plasma accelerator, electrodes may 

be made in the form of plates. 

The length of electrodes is preferably surpassing the section size of dielectric bars in 
the direction of plasma acceleration to provide for additional increase in the efficiency of 
plasma acceleration process. 
15 The dielectric bars may be made movable toward a discharge channel midline. The 

accelerator is equipped with retainers for fixing the dielectric bars in an appropriate position 
and with a device for moving the latter. The present embodiment of the accelerator allows 
the operating time of the pulsed plasma accelerator to be substantially increased without 
replacement of dielectric bars. 
20 The insulator arranged between the electrodes may be equipped with a slot facing an 

accelerating channel. Such an embodiment of the pulsed plasma accelerator improves the 
uniformity of evaporation of working substance from dielectric bar surface with time. 

In order to eliminate deposition of carbon of the working substance (teflon or 
fluoroplastic) on the surface of dielectric bars of the preferred embodiment of the pulsed 
25 plasma accelerator, the insulator arranged between the electrodes is equipped with 
protrusions facing the dielectric bars. In this case, the dielectric bars are provided with slots 
configiared in conformance with the protrusions of the insulator. 

Each of the dielectric bars may be equipped with at least one longitudinal protrusion 
facing the respective electrode. Such an embodiment of dielectric bars and electrodes allows 
30 ineffective losses of the working substance to be reduced. 

It is desirable that the surfaces of the dielectric bars facing the discharge chaimel be 
made beveled witii respect to the midline of the discharge channel. 

In such a case, the distance bmin between the opposite surfaces of the dielectric bars on 
the side of an end insulator and the distance bmax between the opposite surfaces of the 
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dielectric bars on the side of the open end of the discharge channel must meet the condition: 
bmax/bmin > 1-2. The present embodiment of the pulsed plasma accelerator allows the plasma 
acceleration process to be stabilized with time. 

In order to improve the efficiency of plasma acceleration process, in another preferred 
5 embodiment of the pulsed plasma accelerator the parts of electrodes arranged behind the 
dielectric bars in the direction of plasma acceleration may be positioned at an angle a with 
respect to the discharge channel midline, the angle a being selected on the condition that 
10°<a<40*. 

For increasing the efficiency of plasma acceleration process in the accelerating 
10 channel of the pulsed plasma accelerator, the parts of electrodes arranged behmd the 
dielectric bars in the direction of plasma acceleration may be made contuxuously narrowing 
in the direction of plasma acceleration. The maximal width d^ax and the minimal width d^m 
of the electrodes are selected in accordance with the condition: dmax/dmin ^ 2. 

It is also advisable that the length and width of one of the electrodes serving as an 
15 anode exceed the length and width of the other electrode serving as a cathode. An increased 
length of the anode allows the uniformity of current density to be achieved at the surface of 
electrodes in the pulsed plasma accelerator, particularly, on their end parts adjacent to the 
discharge channel edge. The result is that with minimal sizes and weight of the electrodes, 
the performance reUability of the pulsed plasma accelerator is improved. The given result is 
20 gained by elimmating the operating modes involving an increased local current density, at 
which breakdown of the anode may occur. 

The possibility of achieving the above result is attributable to the following physical 

processes supported by the test data. 

In the part of the discharge channel of the accelerator defined by the dielectric bars, 

25 the concentration of plasma at the anode is twice as large as the concentration of plasma at 
the cathode. The dielectric bars are consequently consumed more intensively near the 
surface of anode as compared to the consumption of dielectric bars near llie surface of 
cathode. A discharge spot occupies the larger area on the anode than on the cathode. In case 
the electrodes are of equal size (area), in particular of width, the major part of the discharge 

30 current is concentrated at the longitudinal edges of the anode. As a result of this 
phenomenon, the edges of the anode are subjected to enhanced erosion with subsequent 
destruction thereof. An increased width of anode as compared to that of cathode 
substantially reduces the probability of development of the given adverse phenomenon 
owing to the increased uniformity of current density over the surfaces of electrodes. 
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The speed of advancement of the discharge spot along the surface of anode behind the 
edges of dielectric bars is greater than the speed of advancement of the discharge spot over 
the surface of cathode by 30% diie to the Hall effect which shows itself in turning 
(inclining) of the current arc relative to the surface of electrodes in the direction of plasma 
5 acceleration. An increase in the length of anode (as compared to that of cathode) eliminates 
holding of the discharge spot on its outside edge and, accordingly, reduces the probability of 
destruction of the electrode thanks to the increased uniformity of the discharge current 
density at the surface of electrodes. 

The above technical results are also achieved by effectuating a method for plasma 
10 acceleration, which includes the steps of igniting a discharge in the discharge channel of the 
pulsed plasma accelerator by means of a discharge-initiating device and pulsed supplying of. 
a discharge voltage from the energy accumulator through the external electric circuit to the 
plasma accelerator electrodes between which are arranged dielectric bars of ablating 
material. According to the present invention, quasi-nonperiodic pulsed discharges are 
15 ignited in the discharge channel and maintained at the discharge voltage U of at least 1 000 
V and the external electric circuit characteristics satisfying the condition: 2 < C/L, 
where C is the capacitance of the external electric circuit, IlxF, 

L is the inductance of the extemal electric circuit, nH, with the value of capacitance 
being selected on the condition: L < 100 nH. 

20 In accomplishment of the claimed plasma acceleration method, the impedance of the 

extemal electric circuit maximally approaches the impedance of an intemal electric circuit 
owing to the selection of the extemal electric circuit parameters (C and L) in accordance 
with the above condition. Such coordination of parameters of the electric circuits is reached 
without employment of additional apparatuses and, as a consequence, without additional 

25 energy losses. The result is that the efficiency of the plasma acceleration process with the 
consumed energy in the range of 20 to 150 J is about twice as large as the propulsive 
efficiency of the known pulsed plasma accelerators. In accomplishment of the claimed 
method, the plasma acceleration process goes on in a stable manner and is characterized by 
a highly effective consumption of the working substance. 

30 The preferred embodiment of the method is provided when the quasi-nonperiodic 

discharges are ignited and maintained with the extemal electric circuit characteristics 
selected on the basis of an additional (limiting) condition: 2 < C/L < 5. The given condition 
offers the limitation of the discharge energy level at which a substantial overranging of 
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plasma acceleration efficiency and working substance consumption is shown as compared to 
the known plasma acceleration methods. 

The approximation dependences evidence that up to the discharge energy value of 
about 500 J, the propulsive efficiency of the plasma acceleration method exceeds the 
5 efficiency of the known methods-analogs by as much as 2 - 2.5 times. With the discharge 
energy above 1 000 J, however, the efficiencies of the plasma acceleration processes of 
the claimed method and that of the known methods-analogues approach close to one 
another. 

It had been also established by investigations that the ejffect of substantial increase in 
10 the efficiency of plasma acceleration process showed itself at a voltage of no more tiian 
2,000 V. With the indicated voltage limitations, the maximal discharge energy is about 
1 000 J. 

In terms of the set dependences, it is advisable that quasi-nonperiodic pulsed 
discharges be generated and maintained with the discharge voltage U in the range of 1 000- 
15 2 000 V. 

It is also desirable that the inductance L of the external electric circuit be selected in 
the range of L=20 — 100 nH. The above additional limitation is also targeted at keeping the 
significant overranging of the efficiency of plasma acceleration process when realizing the 
claimed method as compared to a prototype method. It had been revealed by experimental 
20 investigations tiiat an increase in the inductance of the extemal electric circuit of more than 
100 nH led to a gradual approximation of parameters of the claimed method and the known 
one. 

In order to simplify the plasma accelerating apparatus, plate-shaped electrodes were 

used. 

25 The length of electrodes preferably exceeds the section size of dielectric bars in the 

direction of plasma acceleration. The given embodiment of the means for realizing the 
method allows the efficiency of plasma acceleration process to be fiirther increased. 

It is advisable that during plasma acceleration process the dielectric bars be moved 
toward the discharge channel midline until the bars are in fixed position with respect to the 

30 surfaces of electrodes. The given embodiment of the means for realizing the method allows 
a continuous plasma acceleration process to be provided without replacement of the 
dielectric bars. 

It is advisable that plasma acceleration be performed in a discharge channel, wherein 
the surfaces of dielectric bars be made beveled with respect to the discharge channel 
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midline. The distance bmin between the opposite surfaces of the dielectric bars on the side of 
the insulator and the distance bmax between the opposite surfaces of the dielectric bars on the 
side of an open end of the discharge channel must satisfy the condition: bmax/bmin ^ 1.2. 

The given embodiment of the apparatus allows the plasma acceleration process to be 
5 stabilized with time. It was experimentally estabUshed that during operation of the claimed 
pulsed plasma accelerator, the maximal consumption of the working substance (dielectric 
bars) occxirred not m the mid portion of the discharge channel, as it is normally with the 
known analogs of a pulsed plasma accelerator, but adjacent to the outlet section of the 
discharge channel. The process results in a gradual "turmng around" of the working surfaces 
10 of the dielectric bars. The process is sufficiently prolonged and it takes discharges on the 
order of 10^ of the energy accumulator. Characteristics of the pulsed plasma accelerator vary 
(toward an increase) during the above process. The above version of the embodiment of 
dielectric bars is aimed at reducing the time of runmng-in of the channel of the pulsed 
plasma accelerator and at stabiUzing the characteristics of plasma acceleration working 
1 5 process, beginning with the first starting of the accelerator. 

Plasma is preferably accelerated in the discharge channel, wherein the parts of 
electrodes arranged behind dielectric bars in the direction of plasma acceleration are 
positioned at an angle a with respect to the discharge channel midline. The angle a is 
selected on the condition: 10° < a < 40°. With the above conditions, the efficiency of plasma 
2 0 acceleration process is further improved. 

It is also advisable that the plasma acceleration process be provided in the discharge 
channel, wherein the parts of electrodes arranged behind the dielectric bars in the direction 
of plasma acceleration be made continuously narrowing in the dkection of plasma 
acceleration. The maximal width d„,ax and mmimal width dmi„ of the electrodes are selected 
25 in accordance with the condition: dmax/dmi„ > 2. In this case the linear inductance of the 
discharge channel is increased to produce a beneficial effect on the coordination of the 
external and internal electric circuit parameters. As is evident from the experiments, the 
efficiency of plasma acceleration process is further increased by 10-12% with the use of 
continuously narrowing electrodes as compared to rectangular electrodes. 
30 It is advisable that plasma acceleration be provided in a discharge channel defined by 

an insulator equipped with a slot arranged on tiie discharge channel side. Such an 
embodiment of the pulsed plasma accelerator used as a means for realization of the plasma 
acceleration method allows the uniformity of evaporation of the working substance from the 
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surfaces of dielectric bars to be increased with time and, accordingly, the efficiency of 
plasma acceleration process to be further increased. 

In the preferred embodiment, plasma acceleration is performed in the discharge 
channel wherein the length and width of one of the electrodes serving as an anode exceeds 
those of the other electrode serving as a cathode. The given version of the embodiment 
allows erosion of anode edges to be minimized and, as a consequence, their destruction to 
be avoided with minimal sizes and weight of electrodes. 

Brief description of drawings 

The group of inventions is illustrated by describing specific examples of realization 
with reference to the drawings appended: 

Fig. 1 shows a side view of the pulsed plasma accelerator reaUzed in accordance with 
the present invention; 

Fig. 2 shows a stepped section in A-A planes of the pulsed plasma accelerator 
illustrated in Fig 1 ; 

Fig. 3 shows a schematic cross-sectional view of the discharge channel in the 
embodiment of pulsed plasma accelerator using dielectric bars equipped with slots arranged 
in the region of contacting with the insulator which brings apart electrodes; 

Fig. 4 shows a schematic cross-sectional view in B-B plane of the discharge channel 
of the pulsed plasma accelerator presented in Fig. 3; 

Fig. 5 shows a schematic cross-sectional view of dielectric bars equipped with 
longitudinal protrusions facing the electrodes of the pulsed plasma accelerator; 

Fig. 6 shows a schematic cross-sectional view of the accelerator discharge channel, 
wherein dielectric bars with longitudinal protrusions are arranged according to the version 
of embodiment illustrated in Fig. 5; 

Fig, 7 is a graphic representation of a dependence of a variation in the discharge 
current I measured in kA during time T of a current pulse measured in \is for a prototype 
pulsed plasma accelerator; 

Fig. 8 is a graphic representation of a dependence of a variation in the discharge 
current I measured in kA during time T of a current pulse measured in \is for the pulsed 
plasma accelerator of the present invention; 

Fig. 9 is a graphic representation of dependencies of a variation in discharge current I 
measured in kA during time T of a current pulse measured in ^s for different C and L 
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parameter ratios of an external electric circuit of the pulsed plasma accelerator of the present 
invention. 

Description of a preferred embodiment of the invention 
5 The description which follows is an example of the embodiment related to the 

construction of the pulsed plasma accelerator reedized according to the present invention and 
a method for plasma acceleration realized by means of the pulsed plasma accelerator. The 
pulsed plasma accelerator presented in Figs 1 to 6 comprises two electrodes 1 made in the 
form of plates, with one of the plates serving an anode and the other plate serving a cathode. 
10 Two dielectric bars 2 of ablating material are arranged between the electrodes. In the case 
under discussion, an ablating material is fluoroplastic. The length of electrodes 1 exceeds 
the section size of dielectric bars 2 in the direction of plasma acceleration. 

The walls of a discharge channel of the pulsed plasma accelerator are defined by 
surfaces of electrodes 1 and dielectric bars 2. One end part of the discharge channel is made 
15 open, and an end insulator 3 is arranged at the opposite end part of the chamiel between the 
electrodes 1. Rej&actory ceramics, such as AL2O3, is used as a material for the insxilator 3. 
The insulator 3 is equipped with a slot facing an acceleration channel. 

In the example of embodiment under discussion, the slot of the insulator 3 is defined 
by dielectric plates, which are bonded together in such a maimer that the surface of a plate- 
20 substrate serves as an end wall of the slot in the insxilator while the beveled edges of two 
other plates serve as side walls for this slot. 

The accelerator also incorporates a discharge-initiating device 4 including two 
electrodes 5 of copper wire. The electrodes 5 are isolated from one another and from the 
electrode 1 by an isolating refractory ceramic layer. The device 4 is built into the electrode 1 
25 and the copper wire electrodes 5 of the device 4 are facing inside the cavity of the 
accelerator discharge chaimeL 

The parts of electrodes 1 arranged behind the dielectric bars 2 in the direction of 
plasma acceleration are positioned at an angle a = 15° with respect to the midline of the 
discharge channel. The value of angle a is selected according to the condition: 
30 10' < a < 40\ With the above embodiment of the electrodes, the distance between the 
electrodes in the region of the discharge chaimel where the dielectric bars 2 are located is 45 
mm and at the discharge channel edge - 60 mm. 

Also, the parts of electrodes 1 positioned rearward of the dielectric bars 2 in the 
direction of plasma acceleration are made continuously narrovsdng in the said direction. The 
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maximal width dmax and the minimal width d^in of the electrodes are selected on the 
condition: dmax/dmin > 2. In the version of embodiment under discussion the indicated ratio 
(dmax/dmin) is 7. 

The sizes of one of the electrodes 1 serving as an anode exceed that of the other 
5 electrode servmg as a cathode (see in Gigs 1 and 2). In the given version of the embodiment, 
the sizes of the anode (the leaigth and width of the anode) exceed the respective sizes of the 
cathode by 10 mm. With the indicated conditions, the uniform current spreading (the 
uniform current density at the surfaces of electrodes) is provided with minimal sizes and 
weight of the pulsed plasma accelerator. 
10 The surfaces of dielectric bars 2 facing the discharge channel are made beveled with 

respect to the midline of the discharge channel. The distance bmin between the opposite 
surfaces of the dielectric bars on the side of the end insulator 3 and the distance bmax 
between the opposite surfaces of the dielectric bars 2 on the side of the discharge channel 
open end are selected on the condition: bmax/bmin > 1.2. In the version of the embodiment 
15 under discussion bmax/bmin=2. 

The dielectric bars 2 are positioned for moving toward the midline of the discharge 
channel. Spring pushers 6 are used as means for moving the dielectric bars 2. The working 
surfaces of the dielectric bars 2 are held in the proper position by means of a special retainer 
7 made in the form of a protrusion on the surface of electrode 1 serving as a cathode. 
20 For orienting the dielectric bars 2 along the path of movement and facilitating the 

uniform ablation of dielectric, recesses 8 may be executed on the side surface of bars 2 (see 
Figs 3 and 4). In this case, the insiilator 3 arranged between the electrodes 1 is equipped 
with correspondingly shaped protrusions 9 facing tiie dielectric bars 2. 

In the version of embodiment shown in Figs 5 and 6, each of the dielectric bars 2 is 
25 equipped with longitudinal protrusions 10 facing the electrodes 1 . Arrows in Fig. 6 show the 
direction of advancement of the dielectric bars 2 during operation of the pulsed plasma 
accelerator. 

In tiie version of embodiment under consideration, one longitudinal protrusion 10 is 
formed at one side of each dielectric bar 2 facing the electrode 1 while two protrusions 10 
30 are formed at the opposite side. The given embodiment provides, on the one hand, a stable 
position for the dielectric bar 2 and, on the other hand, a minimal surfiace of contacting with 
the electrode 1 to reduce ineffective consumption of the working substance. 

The plasma accelerator incorporates a capacitive energy accumulator 11 including 
four capacitors 12, two of which being shown in Fig 1. The energy accumulator is 
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Structurally connected to the insulator 3 and, accordingly, to the electrodes 1 by means of 
holding members 13 formed as socket connectors. 

The plasma accelerator also includes current supplies 14 and 15 manufactured from 
sheet copper of at least 0.3 mm thick. One end part of the cxirrent supplies 14 and 15 is 
5 connected to electric leads 16 of the capacitors 12 and the other end part is connected to the 
related electrode-one of electrodes 1 of the plasma accelerator. Leads 16 of the capacitors 
are connected to the current supplies 14 and 15 by means of threaded connectors. In order to 
improve the electric contact, the threaded connectors are welded. 

The current supplies 14 and 15 define in conjunction with the electrodes 1 and the 
10 energy accumulator 11 the external electric circuit of the plasma accelerator. For reducing 
the inductance L of the external electric circuit, the current supplies are arranged with a 
minimal gap there between. The required electric strength in the gap between the cvirrent 
supplies 14 and 15 is provided by locating in the above gap of a 0.5 mm thick dielectric 
fluoroplastic layer (film) 17. The given embodiment of a connecting unit for connecting the 
15 energy accumulator 1 1 with the electrodes 1 is conditioned by need for a minimal value of 
inductance L of the external electric circuit (L < 100 nH). 

Power is supplied to the electrodes 5 of the discharge-initiating device by a power 
supply xmit 18 of the electric discharge-initiating device 4, 

The characteristics of the external electric circuit of plasma accelerator are selected 
20 with the provision that the efficiency of the given pulsed plasma accelerator is substantially 
greater than that of the prototype apparatus: 
2<C/L, 

where C is the electric capacitance of the external electric circuit, ^iF, 
L is the inductance of the external electric circuit, nH, with the value of inductance 
25 being selected on condition: L < 100 nH. 

It should be mentioned that the capacitance of the extemal electric circuit is 
concentrated in the immediate region of the capacitors 12 of the energy accxraiulator 1 1 . 

Parameters of the extemal electric circuit providing maximal efficiency of the plasma 
acceleration process in the discharge channel of the plasma accelerator are selected with the 
30 following additional conditions: 

2 < C/L < 5 and L = 20-1 00 nH 

The optimal values of the extemal electric circuit inductance and capacitance for the 
embodiment of the plasma accelerator under consideration are as follows: 
L is about 50 nH; C is about 150 jiF. 
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Operation of the plasma accelerator and, consequently, plasma acceleration method 
are performed in the following manner. 

Upon starting of the pulsed plasma accelerator, an arc discharge is ignited in the 
accelerator discharge channel. A narrow high-voltage pulse of about 1 |as is generated in the 
5 power supply unit 1 8 of the electric discharge-initiating device and applied to electrodes 5 
of the discharge-initiating device 4. As a result of a high-voltage electric breakdown over 
the surface of dielectric, a conducting plasma coagulate is created to short-circuit the 
electrodes 1 during movement of the coagulate in the discharge channel. 

Upon ignition of Ihe initiating discharge, an electric breakdown occurs in a main 
10 electrode-to-electrode gap between the electrodes 1, to which voltage had been preliminarily 
applied from the capacitors 12 of the energy accumulator 1 1 through the current supplies 14 
and 15. The current supplies 14 and 15 are electrically isolated by means of fluoroplastic 
layer 17 located between the current supplies. 

The magnitude of discharge voltage U is selected in the range of from 1 000 V to 
15 2 000 V. Voltage pulses are delivered through the extemal electric circuit defined by the 
energy accumulator 11 and current supplies 14 and 15. 

The plasma acceleration method is characterized in that quasi-nonperiodic pulse 
discharges are generated and maintained in the discharge channel of the plasma accelerator 
at the magnitude of discharge voltage U of at least 1 000 V and with characteristics of the 
20 accelerator extemal electric circuit meeting the condition: 
2L<C, 

where C is the electric capacitance of the extemal electric circuit, ^iF; 

L is the inductance of the extemal electric circuit, nF, with the value of said 
inductance being selected on the condition: L < 100 nH. 
25 The required inductance of the extemal electric circuit is provided in the workable 

pulsed plasma accelerator by connecting the electrodes 1 immediately to the current 
supplies 14 and 15, which have well developed surfaces (large area), provided that the 
length of current supplies and the distance between current supplies and electrodes are 
minimal. 

30 In the example of embodiment under consideration, the most optimal characteristics L 

and C of the extemal electric circuit were selected with regard to the achievement of a 
maximal plasma accelerating efficiency in accordance with the following limiting condition: 
2 < C/L < 5, with the value of inductance L of the extemal electric circuit being selected in 
the range of 20-100 nH. 
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With the above conditions observed, the best coordination of the external and internal 
electric circuit parameters was stated to cause the achievement of a technical result, which 
was generally expressed by an increase in plasma acceleration efficiency and reduction of 
ineffective losses of the working substance and power. 
5 Under the action of emission and convection from the region of electric discharge, the 

working substance evaporates (ablates) from the working surfaces of dielectric bars 2. The 
working substance is partly ionized m the discharge chamiel of the plasma accelerator with 
following acceleration of the resultant plasma coagulate by the electromagnetic and gas 
dynamic forces. Plasma flowing from the discharge chamiel of the plasma accelerator 

1 0 creates a reactive propulsion. 

The embodiment of the end ceramic insulator 3 equipped with a slot on the side of the 
discharge channel allows an optimal plasma flow to be provided at the initial discharge 
stage, deposition of carbon on the dielectric bars to be avoided and the operating life of 
plasma accelerator to be eventually increased. 
15 To make the most use of the electromagnetic effect during acceleration in the 

discharge chamiel of plasma coagulate serving as a current arc between the electrodes 1, the . 
electrodes with the length exceeding the section size of dielectric bars 2 in the direction of 
plasma acceleration are used, the said electrodes being made in the form of plates. 

The motion speed of a discharge spot over the surface of one of the electrodes 1 
20 serving as an anode exceeds by about 30% the motion speed of a discharge spot over the 
surface of other electrode serving as a cathode. At the same time, plasma concentration in 
the vicmity of the dielectric bars near the surface of the electrode serving as an anode is 
about twice as great as that near the surface of the elecfrode serving as a cathode. The 
employment of electrodes 1, with the sizes (width and length) of one of the electrodes 
25 serving an anode differing from those of the other electrode serving as a cathode by 10 mm, 
allows the 'oniformity of current density over the surface of electrodes to be significantly 
increased. As a consequence of the given embodiment, the performance reliability of the 
pulsed plasma accelerator is increased with minimal sizes and weight of the electrodes 
owing to the elimination of operating modes of the plasma accelerator with the local holding 

30 of the discharge spot. 

As the dielectric bars 2 are consumed in the process of ablation of their working 
surfaces, the bars 2 are automatically moved toward the midline of the discharge chamiel by 
means of the spring pushers 6. The dielectric bars are fixed with respect to the electrodes 1 
in a proper position by means of the retainers 7. 
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With the evaporation of the material of dielectric bars 2, the beveled shape of their 
surfaces relative to the midline of the discharge channel is kept: the distance bmin between 
the opposite surfaces of the dielectric bars on the side of the insulator and the distance bmax 
between the opposite surfaces of the dielectric bars on the side of the open end of the 
5 discharge channel satisfy the condition: bmax/bmin 5: 1.2. 

The above embodiment of the dielectric bars 2 allows the plasma acceleration process 
to be stabilized in time by preliminary imparting to the discharge channel of the shape close 
to the optimal configuration. 

The embodiment of the end ceramic insulator 3 arranged between the electrodes 1 and 
10 equipped with the protrusions 9 (see Figs 3 and 4) facing the dielectric bars 2 and the 
embodiment of the dielectric bars 2 eqmpped with recesses 8 configured to conform with 
the shape of the protrusions 9 allow deposition of carbon on the surface of the leading end 
of the dielectric bars 2 to be avoided. It is known that carbon as a component of a 
composition of the working substance-fluoroplastic evaporates, accompanied by deposition 
15 on the working surfaces of the bars 2 at the initial operating mode of the accelerator: The 
given phenomenon hinders the establishment of an optimal mode of consimiption of the 
working substance owing to the non-uniform ablation of the surfaces of bars 2. 

The embodiment of the dielectric bars using longitudinal protrusions 10 (see Figs 5 
and 6) facing the electrodes 1 allows the main part of the relatively cold bar 2 to be 
20 separated from hot electrodes. This results in the reduced influence of the so-called 
"evaporation aftereffect" of the dielectric bars 2. The above effect is due to the evaporation 
of fluoroplastic from the surface of the overheated bar during the pulsed discharge intervals. 
In this case, the efficiency of plasma acceleration process is substantially reduced since a 
significant part of the working substance is accelerated during the voltage pulse intervals 
25 only by a gas dynamic pressxxre. 

The results of experimental investigations have shown that with the advent of a gap 
between the bars 2 and the hot electrodes 1, the consumption of the working substance may 
be reduced by 15 - 25% depending on the energy applied to a discharge while plasma 
acceleration efficiency may be respectively increased. 
30 Usage of the electrodes 1, with the part thereof on the side of the discharge channel 

outlet end made continuously narrowing in the direction of plasma acceleration, allows the 
linear inductance of the discharge channel to be increased and the plasma acceleration 
efficiency to be improved by 10 - 12% as compared to electrodes rectangular in plan owing 
to the improved coordination of extemal and internal electric circuit parameters. It should be 
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pointed out that an increase in the inductance of the internal electric circuit is more effective 
as compared to a reduction in the inductance of the external electric circuit, which is carried 
out for coordinating the parameters of the internal and external electric circuits. 

An additional increase in the linear inductance of the discharge channel and, 
5 accordingly, an increase in the efficiency of plasma acceleration has been shown with the 
use of electrodes 1 whose outlet parts arranged behind the dielectric bars 2 in the direction 
of plasma acceleration are positioned at an angle a with respect to the midline of the 
chaimeL The optimal value for the angle a is selected on the condition: 10"* < a < 40". 

An increase in the share of the working substance accelerated by the electromagnetic 
10 force with the total reduction in the consumption of the working substance is provided on 
the whole in case characteristics of the external electric circuit are selected on the basis of 
the condition: 2 < C/L, 

where C is the electric capacitance of the external electric circuit, ^iF; 
L is the inductance of the extemal electric circuit, nH, with the value of inductance 
15 being selected on the condition: L < 100 nH, at the discharge voltage U of at least 1 000 V. 

With the above conditions, quasi-nonperiodic pxilsed discharges are generated and 
maintained in the discharge chamiel of the pulsed plasma accelerator owing to the 
approximation of extemal and internal electric circuit impedance values. The given result 
allows the plasma acceleration efficiency to be substantially increased by more 
20 advantageous usage of the working substance and reduced ineffective energy losses in the 
extemal electric circuit, primarily in the energy accumulator. Also, the reduced heating of 
the energy accumulator due to the decreased energy losses allows the performance 
parameters and service life of the accelerator to be increased. 

The efficiency of plasma acceleration in the pulsed plasma accelerator (the propulsive 
25 efficiency of an accelerator-propulsion) with the use of the pulsed plasma accelerator and 
plasma acceleration method allowing the above conditions to be realized, at the discharge 
energy in the range of 20 - 150 J may be increased up to 12 - 35% as compared to the 
efficiency of 6 - 16% typical for the known analogs of plasma accelerators and plasma 
acceleration methods. 

30 The achievement of the above technical result with the use of the invention is 

supported by the obtained experimental data (see Figs 7 to 9). 

Presented in Figs 7 and 8 are the curves of variations in the discharge current I (kA) 
during the current pulse time T (^ts) with the energy W of 100 J accximulated in the energy 
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8, «>e «d c^es being ob^ined duxing operation of a pro»We P»>sed plasma 
acoeleratoi and the claimed pulsed plasma accelerator (Fig. 8). 

t follows ftom the represented graphic dependences *a. in the fir. ca. (see F^^ 
^ ^e o, the discharge current I is an -tenuating sinusoid in shape wtth four one-^ 
, *c -ima, current amplitude approaching 60 ^ and the first one-half penod 

trUTa case (s. Fig. 8). vibraaons of .e disd^ge current 
one one-half period of vibration "me analysU of Are process has shown .hat a^r the fl« 
I^ge of L accumulator, less *an 15«/. of the stored energy remams therem. T^^ 
,0 It. of energy remaining h. *e accumula^r is no. sumcient for provtdmg .^e second 

Udown of L discharge gap duHng the pulsed discharge of 4. acc„.nn^.«. 
r^amplitudeofcurren.during«.efirstone.halfperiodisabou.431.^™l«.ehmeof 

thefirstone-halfperiodisaboutlCs. ^^^^^^ 
■ae results of investigations presented m Fig.9 are osciuogr . 
1 of to pulsed plasma accelerator according to the present inventtoa Th= 8.- 
^ ^tasma alelerator was used .o reali. *e claimed plasma accelerahon meOroi The 
ClLenergys.redin.heenergyaccumula«rwasao.h.ve.ga.o.w^ 

tor various C and L parame^r r«ios of fte external electnc cvrcmt of pu^ plasm, 
in Three visions of external ci^uits for the pulsed pla^a accelerator v»e 
.0 in investigations: «>e electric circuit mduded two. 4ree and four capaCors. 
Itlc. -3C" and »4C» depicted in Fig. 9 correspond . to above versrons of to 

^trsLC^^ - Changed in accord^oe wi. to energy accumulator 
capacitancevalueforeachoftoahoveversionsoftoext^electricctam.. 
„ The C/L par^cer ratio for to curve nC" w» 1. te to curve 3C - 2.6, and or 

to oZ " C" - 3.7. The plasma acceleration efficiency (to propuUive efficency of a 
to curve 4C , f„ fl^ versions of to extenral electtic circuit of 

pulsed plasma accelerator - propulsion) for «-ee v.^^ ^^^^ 
flie pulsed plasma accelerator was 6.0% (to curve -2C ). 9/. (to curve 
(to curve •'4C").respectively. ^ ^ ^ ^ 

3„ 1. had heen estabhshed on to ^^f j ^ ^.e 

plasma acceleration efficiency was exhibited m case me gen 

extendi circui.charac.eristicsoftopilsedplasma accelerator were ,sfoUows.2<CL. 
vAere C is to electric capacitance of to external electiic circuit. ,F, 
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L h ftc inducance of th. external electf c circuit. nH. «i.h «.e value of induCaBce 
being selected on the condition: L< 100 nH. j-jwnt 

Also, characteristics of the pulsed plasma accelerator were investrgated v^U. 
values o, energy accunrulated in the accunrulator. With the stored eners- value W^O,. d.e 
^ ptasma acceleration efficiency was 11%. with W=60 J - 20%. wrth W-10^ I - 
27% and with W-150 I - 33%. Variations in characteristics of *e pulsed plasma 
acceleraaon with to larger values W were estinrated by approximating .he dependences 
suited ftom the «periments in the range of high values of energy stored m to 
accumulator, 

Ti^ resuhant data ^ggest that to efficiency of to plasm, acceleratron process 
accomplished by means of to claimed pulsed plasma accelerator and realized in ac^^ce 
™th L claimed methyl is twice as large as to propulsive efBctency of to known 
analogueswithequalvaluesofenergystoredintoaccumulator. , , , , 

The Table below represents to results of comparative mvestigations of pulsed plasma 
IS accelerators, i.e.. to prototype and to claimed pulsed plasma accelerator ^^'^ 
^ claimed plasma acceleration metod. Tire nommal capacitance of energy accumul tor 
(capacitor batteries) of to accelerators under comparison was established at to equal level 
W=100 J. 
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Table 



20 



Basic characteristics of pulse plasma 
accelerators 


Pulse plasma 
accelerator - 
prototype 


Pulse plasma 
accelerator claimed 


Single propulsive pulse, H-s 


■ 2,310-' 


2,8-10-^ 


j Consumption ot working substance, 
kg/pulse 


1,9-10-' 


1,5-10-' 


Specific impulse, s 


1,25-10^ 


1,85-10^ 


Maximal plasma acceleration efficiency 


14 


26 


(propulsive efBciency of pulse plasma 


accelerator-propulsion), % 







It Mows fiomtoaboveexp«imental data tot tou^tobasic characteristics ofto 
prototype pulsed plasma accelerator are hi^er ton tose of to majority known analogs. 
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1- 1 ti^or, thp resoective characteristics of the claimed 
the said characteristics are much lower than the respective 

^ plasma acc«ta.fion efficiency o^ng to fte invoWemen. of 4e larger part of fte 
. :l substance in *e eIec«o»a^eac =^lctaUon process, as comp^ *c i^v^ 
Log! the result that ine^ve consun^on of *e wo*ng substance >s 
:^.e;anaenetsy.ossesintheex.e.na.elec.ticcitcuita.eteaucea.Theach:ev^^^^ 

above technical tesul. allows «>e field of appUcation of the pulsed plasma a^le ator ^ 
iTsi^flcantly widened, the petfonnance teUabiUty of the acceietato. to be enhanced und^^ 
i Li^ons of s^ict imitations with tegatd to the weight and si« chatactenshcs. and 
Operational costs to be reduced. 

Industrial applicability of the invention 
The pulsed plasma accelerator and plasn. acceleration ntemod realized ^ means of 
the pulsed Plasn. accelerator may have applications in various fields — 
IsL plasla accelerator and plasma aoceleraUon meflrod may be prnnanly employed m 
!^c propulsion equipment for spacecrafts. In addition to *at. the pulsed plasma 
Ly be used for performing in outer s^e of various experiments dem<mdms 
generation of high-speed plasma flows. 
,0 Furthermore. ti,e invention may find a wide utility in s^ace tieatmen pr^^^ 

. .„ „ weU as in producing of novel composite materials. Another 

r;r crra^r oTtheUo: is perform^g 

Jestigations and testing of the latest sample, of e,uipment by simulatmg the e«^ts of 
high-speed plasma flows upon the objects under investigation. 

" The above example of embodiment of the invention is pref^le v«h 4e 

nnderstanding tirat it does not cover any other ^nbodiments of the invention wrthm tire 
of tiie following claims which ma, be realized by means of cutpment and 
methods well loiown to those skilled in the art. 
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